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In earlier work (14, 15) some aspects of the constitution and enzymic activities of cell fractions from rat myometrium were studied at the end of pregnancy and after ovariectomy. In the present work a study is made of the effect on these same properties of estradiol injection into ovariectomized rats.
MATERIALS AND METHODS
Unless otherwise stated all materials and methods were as described previously (14, 15) . Experiments consisted in studying with respect to time the effects of a single dose of estradiol on the myofilament and nucleus fraction (N), the mitochondrial fraction (M), the microsomal fraction (P), and the soluble fraction (S) of the ovariectomized rat myometrium. The separation between these fractions, which was effected by differential centrifugation, is not clear cut, there being unavoidable overlapping. Thus fraction N contains some unbroken cells, and although fraction M is essentially devoid of myofilaments it is contaminated with collagen fibres and microsomal material. Fraction P is also contaminated with mitochondrial material as evidenced by its relatively high succinic dehydrogenase activity in the ovariectomized state.
Estradiol monobenzoate (supplied in 1 mg. ampoules by the British Drug Houses, Ltd.) was diluted with arachis oil immediately before use. Each rat was injected subcutaneously with 10 #g. of estradiol contained in 0.5 ml. of oil. Depending on the material available, batches of 6 to 12 uteri were pooled for each experiment. All uteri were slit open with fine scissors, and the endometrium was removed by scraping with a scalpel.
Succinic dehydrogenase was assayed colourimetritally with KaFe(CN)6 as electron acceptor and was determined only in fractions M and P, the activity in fi-actions N and S being negligible. ATPasO activity was determined by measuring the amount of inorganic phosphate liberated after 6 minutes of incubation with 5 mM ATP and 5 mM MgSO4.
In the extraction of phospholipids the waterethanol mixture was omitted for fear of dissolving low molecular weight RNA. Lipids were therefore separated with two 95 per cent ethanol extractions in the 1Abbreviations: ATPase, adenosinetriphosphatase; DNA, desoxyribonucleic acid; RNA, ribonucleic acid.
cold followed by one ethanol-chloroform (3:1) and one ether extraction at room temperature. Following extraction of the phospholipids from the various fractions, the RNA and DNA were determined by phosphorus estimation after alkaline hydrolysis according to the Schmidt-Thannhauser and Schneider technique.
Total nitrogen was determined by the Kjeldahl method.
All values for the ovariectomized and pregnant states were compiled from data in our previous work (15) . Table I shows a slight increase in the DNA P content of the uterus starting 18 hours after injection which is in agreement with earlier microscopic observations that some cell division does occur under the influence of estradiol (9) . On the assumption that the DNA content of the cell is constant (11, 13) all other values are given per rag. DNA P in order to express the changes per individual cell.
RESULTS

Cellular Nitrogen
Compared to the ovarieetomized state, the total nitrogen in fractions M, P, and S increased 2 to 3 times 24 hours after injection and then remained constant for at least the next 36 hours. The increase (on a dry weight basis) in the "water soluble nitrogen" reported by Telfer (10) includes the nitrogen content of all these three cytoplasmic fractions. The total nitrogen in fraction N which contains the myofilaments did not appear to change significantly on a cellular basis, although there was an increase per uterus. The general tendency for all fractions was to approach the cellular levels found in the normal rat at late estrus. At the end of pregnancy, however, the cytoplasmic particles kept approximately the same cellular level, while the muscle fraction increased to 3 times, and the soluble nitrogen to about twice the level at late estrus. 
Succinic Dehydrogenase
The total succinic dehydrogenase activity per cell reached a peak value at 24 hours equal to 3 times that in the ovariectomized state, but it never attained the cellular level found at the end of pregnancy (Fig. 1A) ; the specific activity in the mitochondrial fraction also stayed lower than the pregnancy value. However, the rate of increase in total succinic dehydrogenase activity was faster than that of the total nitrogen of the myometrium (Fig. 1B) , which is in agreement with the results of Telfer (10) and of Longwell and Reif (3) . At the end of pregnancy, although the cellular level of activity was highest, the increases in the myofilament and soluble nitrogen were such that the ratio of activity to total nitrogen stayed very close to that in the ovariectomized state.
After estradiol injection there also occurred a shift in the distribution of succinic dehydrogenase activity among the cytoplasmic particles (Fig. 1A) . Whereas about 50 per cent of the activity sedimented with the fraction of the smaller particles (P) in the castrate state and up to 18 hours, at 24 to 60 hours after injection about 66 per cent sedimented with the larger particles (M). This suggests that the individual mitochondria have grown to the size found in the normal or the pregnant rat.
Mg-activated A TPase
The effect of a single injection of estradiol on the adenosinetriphosphatase activity of the microsomal fraction appeared as an immediate and prolonged increase up to the pregnancy level (Fig. 2) , although the level of activity in the normal rat at late estrus was not reached. In the much less active mitochondria there occurred a slight increase in ATPase activity which can perhaps be correlated with the increase in activity of the respiratory enzymes. 
FIGURE l
Distribution of succinic dehydrogenase. In this and in subsequent figures, N = nuclei--myofilament fraction, M = mitochondria, P = microsomes, 5" = final supernate, e = late estrus, p = end of pregnancy. 
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Ribonucleic Acids and Phospholipids
There was an increase in the RNA P of all the cytoplasmic fractions after estradiol injection (Fig. 3) . At 36 hours there was a twofold increase in the RNA P of fraction N, and at 60 hours a fivefold increase in each fraction of cytoplasmic particles. More striking still was the soluble RNA which attained a cellular level 25 times that of the ovariectomized state.
Throughout all the increases in total RNA P the greatest concentration per rag. nitrogen remained associated with the microsomal fraction. The RNA P of the microsomal and soluble fractions continued to increase long after the total nitrogen, the succinic dehydrogenase, and the ATPase activities had reached their peak values. The total RNA/DNA ratio which is about 0.3 in the ovariectomized rat increased steadily after 6 hours and reached a value of 1.1 at 60 hours. This is close to the value of 1.3 found during late estrus.
In fraction N some part of the RNA increase probably occurs in the nuclei, as in regenerating liver (12) . In the latter Jardetsky et al. (1) report that the highest rate of p~2 incorporation is in the nuclear RNA.
At 6 hours the total RNA P per myometrium was 14.8/zg. which is very close to 16.2 #g., the value at 0 hours. The results of Telfer (10) and of Jervell et al. (2) also showed no increase in RNA content 6 hours after estradiol injection. However, as seen in Fig. 3 , there occurred changes in the distribution of RNA P in the various fractions. A drop in the RNA P content of fraction N was compensated for by increases in the contents of the soluble and the microsomal fractions. These relationships need confirmation by further experiments but can perhaps be explained by the release of nuclear RNA into the cytoplasm (7), or by the "reshuffling of RNA" reported by Jervell et al. (2) . Distribution of lipid I P. At end of pregnancy fractions N and P contain 1790 and 1140 ~g. lipid P/rag. DNAP, respectively (outside figure).
With the exception of fraction M, the cellular levels of RNA P in the cytoplasmic fractions approached the levels found at late estrus in the normal rat. The essential difference at the end of pregnancy is that a high amount of RNA P (about 65 per cent of the total) is associated with the myofilaments (15) .
As regards lipid P distribution (see Fig. 4 ) the changes in fraction N were found irregular, and, as with myofilament nitrogen, it is doubtful that there occurs any increase in the phospholipids of this fraction on a cellular basis. In fractions M, P, and S there occurred a steady increase which approached the levels found in late estrus. The lipid P of the microsomal fraction not only increased relatively to its total nitrogen, but also with respect to the amount present in all other fractions. Thus at 60 hours 45 per cent of the cellular lipid P was found in the microsomal fraction as compared to 32 per cent in the ovariectomized state.
DISCUSSION
The processes in regenerating liver and the secondary effects of estrogen action on the myometrium have similarities with respect to RNA and protein accumulation. Thus the results ot Price and Laird (5) show increases on a cellular basis in most of the liver cytoplasmic fractions within the first 24 hours after hepatectomy. However, in contradistinction to uterine tissue the activity of the succinoxidase system in regenerating liver increases less rapidly than the total protein (4, 12) although there is an increase in total cellular activity in both organs (12) .
During its early growth embryonic tissue of the chick differs from both liver and uterus in that accumulation of DNA exceeds that of RNA and protein (8) . Later during its development the RNA/DNA ratio becomes constant (6) . This still differs from growing myometrium where cell division occurs only to a limited extent, and where the RNA/DNA ratio increases gradually from 1.4 to 2.4 between the 9th and 16th days of pregnancy (16) .
